Heliostat is an important component in the solar power tower station because its cost, optical performance, and mechanical performance have great influence on the overall property evaluation of the station. The T-shape heliostat tracking the sun in the azimuthelevation mode has been commonly developed and successfully applied in many stations. In recent years, some researchers have developed spinning-elevation heliostats and have analyzed their optical performance. In this paper, the structure of a 16 m 2 toroidal heliostat tracking the sun in the spinning-elevation mode is designed, and the mechanical performance of the structure under wind load is analyzed by means of the finite element method. The trends of force, moments, and vibration modes with the change in elevation have been presented, and the classic status is analyzed in detail when their maximum values occur. Furthermore, the advantages and disadvantages of a toroidal heliostat in reducing the cost are discussed compared with those of a traditional T-shape heliostat.
Introduction
The solar power tower system usually includes hundreds of sun-tracking mirrors called heliostats, which reflect and focus sunlight onto a fixed point. At present, two sun-tracking modes are adopted for heliostat. One is the azimuth-elevation mode, and the corresponding heliostats in various structure styles have been developed and successfully applied in many solar power tower stations, such as PS10 and Solar Two. Another mode is called spinning elevation, which is a novel sun-tracking method. Although the latter has not been applied in a large scale as the former, many researchers have developed some prototypes and have proved the excellent optical performance through theoretical and experimental analyses. For example, Zaibel et al. ͓1͔ researched an astigmatic corrected target-aligned ͑ACTA͒ heliostat and obtained a higher yearly average concentration than conventional heliostats. Aliman and Daut ͓2͔ and Aliman et al. ͓3͔ illustrated that the spinning-elevation mode of sun tracking had significant benefits when used in high temperature and high concentration solar energy applications and presented a detailed analysis of the tracking error. Chen et al. ͓4-6͔ conducted a lot of in-depth studies on the spinning-elevation heliostat. They developed several prototypes with ideal reflective surfaces and concluded that the spinningelevation heliostat offered much less variation in the image spread and had a significant advantage of reduction in flux spillage loss compared with a traditional heliostat. In addition, Wei et al. ͓7͔ designed a spinning-elevation heliostat with a toroidal reflective surface and a proved higher concentration.
Favorable optical performance lays the foundation of application in large-scale plants for a spinning-elevation heliostat. Meanwhile, cost reduction is another key factor for a heliostat to be commercialized because its cost accounts for about 50% of the overall cost of the solar power tower system. Chen et al. ͓4͔ discussed the cost effectiveness and took into account the weight reduction of the reflector. Roos et al. ͓8͔ analyzed the structure and cost distribution of a 25 m 2 target-aligned heliostat and pointed out that placing a downward pressure on the track system could result in significant cost savings.
A 16 m 2 spinning-elevation heliostat is presented in this paper. Its mechanical performance under wind load is analyzed through finite element software. Furthermore, the advantages and disadvantages of the heliostat for reducing the cost are discussed compared with those of a traditional heliostat. Figure 1 shows the principle of spinning-elevation sun tracking for a heliostat. The spinning axis points to the target, and the angle between the spinning axis and the horizontal plane is based on the design requirements. The elevation axis is perpendicular to the spinning axis.
Structure of the Toroidal Heliostat
Based on this principle, a 16 m 2 spinning-elevation heliostat is designed and used in the field of solar hydrogen. The heliostat mainly includes four parts: reflector, support structure, drive mechanism, and control device ͑see Fig. 2͒ . The surface shape of the reflector is named a toroidal surface with a curvature in two directions, and the curve equation has been introduced in Ref. ͓9͔. The reflector is composed of 16 facets with a unitary dimension of 1 ϫ 1 m 2 . Glass-fiber-reinforced plastic is selected as the base material of each facet. The thin glass less than 1 mm in thickness is glued to the toroidal surface of the base, which is strengthened by several ribs to enhance the wind-resistance capability, as seen in Fig. 3 . The toroidal surface is formed through numerical control machining, which can ensure the high curvature accuracy for a long time. There is a spherical hole in the center of the backside of the base. A ball head bolt is matched to the hole. The facet is connected with the support structure through the bolt. It can be seen in Fig. 4 that the support structure, a welding truss, is composed of many rectangular tubes with different dimensions. At the cross points, there are 16 small steel cylinders with a tap hole into which the ball head bolt is screwed. The axis of the cylinder is designed in line with the normal of the corresponding facet, which may save the time and decrease the difficulty of installation and adjustment of the heliostat. In fact, the manufacture error will result in the off-axis between the cylinder axis and the normal of
